We introduce a CP symmetric model where masses of fermions are given by dimensional-5 operators, and CP is spontaneously broken at TeV scale. The unique feature of the model is that new CP symmetric gauge sector coexists with new CP symmetric fermions simultaneously at TeV scale. An ultraviolet completion of the model is also proposed. It is observed that the fine-tuning of the SM Higgs boson mass in this model is softened in a relatively small amount approximately up to 6 TeV. Other interesting consequences are presence of a possible dark matter candidate whose mass may be bounded from above by the SM Higgs mass. The model may also provide an explanation of recently observed flavour anomalies.
gauge extension of the SM in these models [14, 15] . In these models, spontaneous CP breaking is achieved through certain terms in the scalar potential which depend on a common non-vanishing vacuum phase [15] .
The problematic feature of models of spontaneous CP -violation is the appearance of scalar-pseudoscalar mixing [16, 17] . This gives rise to one-loop contribution to electric dipole moments of fermions which needs a careful fine-tuning [18] .
In this paper, we discuss a model of spontaneous CP breaking inspired by the model proposed in Ref. [19] which avoids scalar-pseudoscalar mixing. In the model discussed in Ref. [19] , the SM gauge symmetry is extended to The transformation of fermionic fields under CP can be written as,
where ψ L is a doublet of the gauge groups SU(2) L , and ψ In the model discussed in Ref. [19] , the Yukawa Lagrangian, for instance for electron and its CP counter-part, can be written as,
where Γ is 3 × 3 matrix in family space, and ϕ L is the scalar doublet Higgs field charged under the SM gauge group SU(2) L and singlet under the gauge group SU ( 8 GeV, the mass of the e ′ fermion is 1038.65 GeV which could be searched at the LHC. Moreover, there are interaction terms between the SM fermions and their CP counter-parts. These interaction terms may bring down scale of ϕ ′ L slightly. However, since we need to recover small masses of the SM neutrinos (≈ 10 −12 GeV) without fine-tuning of the neutrino Yukawa couplings, we again require a very high scale of order 10 7 − 10 8 GeV or so for ϕ ′ L . In Ref. [19] , neutrinos are treated as massless.
The unusually high value of ϕ ′ L increases the masses of gauge bosons corresponding to the gauge group SU(2) ′ L to 10 7 − 10 8 GeV or so, thus creating a disparity of scale in the gauge sector of the model. Thus, being so heavy, the new gauge sector is practically inaccessible to any experiment in near future.
This problem also occurs in models based on mirror fermions and mirror symmetries [5, 20, 21] , and is elegantly solved in Refs. [6, 22] . The model presented in this work is in fact inspired by the models discussed in Refs. [6, 19, 22] .
The spontaneous symmetry breaking (SSB) in the model follows the pattern:
For achieving the SSB, we introduce two Higgs doublets which transform in the following way under
and behave under CP as follows:
Since our aim is to have new gauge sector and new fermionic sector at TeV scale simultaneously, we add two real scalar singlets to provide masses to fermions which will be explained in the following discussion. The quantum numbers of singlet scalar fields under
and they transform under CP as,
For lowering down the scale of spontaneous CP breaking such that new gauge bosons and fermions ψ ′ are simultaneously at TeV scale, we impose a pair of discrete symmetries Z 2 and Z ′ 2 on the fermionic fields ψ L , ψ ′ L and scalar singlets χ, χ ′ as shown in Table 1 . All other fields transform trivially under these symmetries. The Yukawa Lagrangian is forbidden by the discrete symmetries Z 2 and Z ′ 2 , and masses of the first family leptons are given by the dimension-5 operator as, be written for quarks of the first family and fermions of other families in general.
Since ρ is a 3 × 3 matrix in family space, this Lagrangian gives rise to flavour mixing in family space of fermions resulting in an additional contribution to flavour violating processes like µ → eγ. This additional new contribution to this process, as shown in Fig.1 , effectively occurs at two loops, and hence highly suppressed in this model.
The above Lagrangian provides one of the main features of the model. For keeping the mass of the gauge bosons corresponding to the gauge group SU(2)
TeV which is much larger than the SM Higgs field VEV ϕ L , the masses of gauge bosons corresponding to the gauge group SU(2) ′ L should be around 1 TeV. Now, mass of the CP counter-part of the electron is
Thus, for having the lightest new charged lepton e ′ at TeV scale, the pattern of the spontaneous breaking of CP should be such that
GeV, electron mass m e = 0.511 MeV and χ ′ = 5 × 10 7 GeV, the mass of the lightest new charged lepton e ′ is 1038.62 GeV. The scale of the VEV χ ′ may be lower when terms having interactions among the SM fermions and their CP counter parts are included in the masses of fermions. The Majorana mass term for neutrinos is given as,
We observe that this model has an explanation for small neutrino masses using type-I see-saw mechanism.
The most general scalar potential of the model can be written as,
It should be noted that we have introduced soft CP breaking terms in the scalar potential which are essential to provide spontaneous CP breaking such that
As discussed in Ref. [19] , this model solves the strong CP problem naturally. This conclusion still holds even after introducing real singlet scalar fields.
This model mitigates the fine-tuning of the SM Higgs boson mass in a relatively small amount approximately up to 6 TeV by avoiding the one-loop contribution to the SM Higgs boson mass due to the top quark. For being on a concrete ground, let us assume that the SM is valid up to a cutoff scale of 6 TeV. Then, the main three quadratic contribution at one loop to the mass of the SM Higgs boson at the scale of 6 TeV are −3y 2 . This is depicted in Fig.2 . In order to recover the 125 GeV SM Higgs mass, approximately 1% fine-tuning is required. In the model discussed in this paper, one loop contribution due to top quark is absent. Moreover, the LHC data is showing that this discovered Higgs boson is behaving like the SM Higgs boson. Hence, one loop contributions to its mass from the scalar fields ϕ ′ L , χ and χ ′ are expected to be small. Therefore, we can safely take the one loop contribution to the mass of the SM Higgs in this model at the scale of 6 TeV to be m
2 . Thus, we see that there is relatively less fine-tuning of the SM Higgs boson mass in this model at the scale of 6 TeV. Moreover, it is possible that there is a further cancellation of the above quadratic divergences by the one loop contributions from the scalar fields ϕ ′ L , χ and χ ′ . This will be studied in future. We remark that for cancelling the quadratic divergence of the SM Higgs boson in the supersymmetric framework, one needs a supersymmetric particle in the vicinity of the discovered Higgs boson. However, there is no sign of such a particle in the LHC run 1 or 2. Besides this, the decay B 0 s → µ + µ − which is particularly sensitive to supersymmetry, does not provide any evidence of such a particle too [24, 25] . Hence, any alternative idea to deal with the fine tuning of the SM Higgs mass is worth exploring.
It should be noted that physical particles corresponding to the singlet scalar fields χ and χ ′ are a mixture of scalar fields χ, χ ′ , ϕ L and ϕ ′ L after the SSB. The lighter physical scalar singlet particle S which can be mapped onto the singlet scalar field χ could be a possible dark matter candidate if its mass is less than mass of the discovered SM Higgs boson (125 GeV). The reason is that being singlet under the whole gauge symmetry of the model, it can only interact with fermions and the SM Higgs field through the Eq. (9), and other scalars of the model through couplings given in the scalar potential. We need to assume that scalar particles corresponding to scalar fields ϕ ′ L and χ ′ are heavier than the scalar particle corresponding to the singlet scalar field χ. Hence, the decay of the scalar particle, S, corresponding to the singlet scalar field χ, which is a mixture of scalar fields χ, χ ′ , ϕ L and ϕ ′ L , may occur through its interaction with fermions and the SM Higgs boson given by the Eq.(9). Thus if its mass is lighter than the mass of the discovered SM Higgs boson, its decay to any final states through the Eq. (9) is forbidden by kinematics, and this particle can decay only at loop level. Thus, there is an inbuilt upper bound on the mass of the possible dark matter candidate in this model. This particle is testable at the LHC in the process of gluon fusion gg → h L S as shown in Fig.3 . The physical scalar singlet particle S ′ which can be mapped onto the singlet scalar field χ ′ , being the heaviest particle, is expected to decay into lighter particles. Hence, it is less probable a candidate for dark matter. However, a thorough investigation is required in future.
Besides this, the SM right handed neutrinos and new neutrinos ν ′ may be dark matter candidates. However, these neutrinos also interact with gauge sector. Hence, they are allowed to decay via a loop having a charged gauge boson and a charged fermion to a neutrino and a photon: ν i → ν j γ where ν i,j is either the SM right handed neutrinos or new neutrinos ν ′ , and sub-script shows the conversion of one type neutrino to other type. Because of mixing of the SM fermions and their CP counter-parts, there will be additional contribution to this process having the SM and new ψ ′ fermions in the loop. Whether neutrinos are dark matter candidate, will be determined by the rate of the process ν i → ν j γ.
The gauge interactions of the scalar fields are given by the following Lagrangian:
where, the covariant derivatives are,
where, τ a 's are the Pauli matrices, and g corresponds to the common coupling of the gauge groups SU(2) L and SU (2) ′ L . The coupling constant of the gauge group U(1) Y ′ is g ′ . The masses of charged gauge bosons after the SSB are given by,
The mass matrix of the neutral gauge bosons in the basis (
L , B) can be written as,
The weak eigenstates of neutral gauge bosons (
The masses of the physical neutral gauge bosons are given as,
We can parametrize the orthogonal matrix T in Eq. (16) in terms of the mixing angle θ W L given as,
Thus, the transformation matrix T is given as,
It should be noted that there are further terms of order ǫ 2 in the transformation matrix T , however the third column of that matrix is unchanged by those further terms.
The following relations are obtained between couplings of the gauge symmetries of the model and electric charge:
Eqs. (9) and (10) provide masses of fermions. For instance, we can write the Lagrangian for the down type quark and its CP counter-part as,
The mass matrix in above equation is in general 6 × 6. The bi-diagonalization of the mass matrices can be achieved as discussed in Ref. [19] . The following transformations should be used:
where X u,d and Y u,d are 3×6, and CKM matrices are given by
Now we turn our attention towards phenomenological signatures and consequences of this model. Due to mixing of the SM and new fermions, the charged and neutral current Lagrangians allow new fermions ψ ′ to decay into Figure 4 : The pair production of new quarks at the LHC and their subsequent decay to the SM Z L boson and a quark. A simple UV completion of this model can come from vector-like isosinglet quarks and leptons. We observe that at least two vector-like isosinglet quarks of up and down type, one iso-singlet vector-like charged lepton, one iso-singlet vector-like neutrino, and their CP -counterparts are sufficient to provide UV completion of this model. Their quantum numbers under given as follows:
and their CP -counter parts are,
where charges of Z 2 and Z ′ 2 are given in sub-script. The mass terms for vector-like fermions are the following:
The interactions of the vector-like fermions with the SM and mirror fermions are given by,
The interactions of singlet SM and mirror fermions with vector-like fermions are described by the following Lagrangian:
The Eqs. (25) , (26) and (27) provide a realization of the masses of the SM and mirror fermions given in Eq.(9) as shown in Fig.6 . Now we discuss consequences of this model for recently observed anomalies in flavour physics. The first deviation is observed in B → Kll and B → K * ll decays which proceed through b → sl + l − transition. The optimised observable P ′ 5 [26] is showing a deviation of 3.7σ from the SM as measured by the LHCb [27] . Moreover, the ratio R K = B B→Kµ + µ − /B B→Ke + e − measured by the LHCb is hinting towards lepton flavour universality (LFU) violation [28] . Furthermore, the ratio R K * = B B→K * µ + µ − /B B→K * e + e − is recently measured by the LHCb, and this is also showing significant deviation from the SM prediction and lepton-flavour universality [29] . Moreover, there is one more deviation from the SM expectation in the b → clν transition having different final state leptons leading to the LFU violation in the observable R D * = Γ(B → D * τ ν)/Γ(B → D * lν). The most recent average of this observable is 4σ away from the SM expectation [30] .
In this model, LFU violation is introduced via mixing of the SM fermions with new fermions, and anomalies may be explained simultaneously due to a contribution coming from a new neutral and a charged gauge boson as shown in Fig.7 . Anomalies in B → Kll and B → K * ll decays may be explained via additional contribution of the Z ′ L boson. The ratio R D * may be explained by observing couplings of W ′ L to a charged lepton and a neutrino. This will be investigated in a future study.
It should be noted that this model is not constructed to explain above mentioned anomalies. The aim of this model is to restore CP symmetry, which is a more fundamental discrete symmetry than C or P in the sense that it can distinguish matter and antimatter in an absolute and conventionindependent way. However, this model may explain above mentioned anomalies simultaneously which is not ad hoc at all. The model also alleviates the fine tuning of the SM Higgs boson relatively in a small amount and provide possible dark matter candidates in the form of a real scalar particle (and the SM right-handed neutrinos and new neutrinos) corresponding to scalar field χ which is testable, for instance, in the process of gluon fusion gg → h L S at the LHC.
